The Brazilian government has asked for information systems to support government activities such as health care.
INTRODUCTION
The Brazilian government has asked for information systems in order to support government activities from different areas, such as health care. e-SUS -Primary Care 1 [1] , used by the Single Health System (SistemaÚnico de Saúde -SUS) on a national scale, is an example of information system whose goal is to provide health care management.
Other government information system for health care management is SIGS-S Web Saúde [9] , a web system that crosses social and health data to provide management reports for support decision-making to both areas. It was conceived to be used by Single Health System of Mato Grosso do Sul (SistemaÚnico de Saúde do Estado de Mato Grosso do Sul -SUS-MS).
Aiming to support the collection of health data to be sent to SIGS-S Web Saúde, it was proposed the mobile application SIGS-S Mobile Saúde. Its purpose is to provide data collection remotely, in places where there is no internet connection -therefore, there is no access to the web system -through the use of mobile devices. This application was also conceived to send the collected data from SIGS-S Mobile Saúde to SIGS-S Web Saúde via internet.
SIGS-S Mobile Saúde was developed in the context of a research project of the Laboratory of Software Engineering (Laboratório de Engenharia de Software -LEDES) at the Federal University of Mato Grosso do Sul (UFMS) [4] . The application is part of a set of applications to support social and health data management called SIGS-S.
The development of SIGS-S Mobile Saúde was supported by the ProFap software process [5] , and it was accompanied and validated by health users and Brazilian government managers.
As a result, it was developed the mobile application SIGS-S Mobile Saúde and prepared its documentation to support future maintenance and the application deployment in the context of the Health in The Family Program of SUS-MS.
The remainder of this paper is organized as follows. In Section 2, the SIGS-S project is described. In Section 3, the ProFap process is presented. In Section 4, related works are discussed. In Section 5, we present details about the development of the SIGS-S Mobile Saúde. Finally, in Section 6, the conclusions and future work are presented.
THE SIGS-S PROJECT
The Information System on Social and Health Management (Sistema de Informação em Gestão Social e da Saúde -SIGS-S) is a research project developed in LEDES by a development team that consisted of undergraduate students in Computer Science and Systems Analysis, teachers from UFMS and health professionals from SUS-MS [4] .
The project consists of a web system called SIGS-S Web [9] , for social and health data management, and a mobile application called SIGS-S Mobile Saúde [7] , for support the collection of health data to be sent to SIGS-S Web via internet.
The SIGS-S project was completed in December 2014. It will be sent, in the first half of 2015, to the Information Technology sector of SUS-MS in order to be analyzed and perhaps deployed in the Health in The Family Program scope.
SIGS-S Web
SIGS-S Web is a web system that integrates social and health subsystems to provide management reports by crossing data from both subsystems [9] . To meet this goal, SIGS-S Web was implemented in modules. Each module represents an specific feature of the web system, and there are access permissions for each module in order to make them private or shared between subsystems. The two SIGS-S Web subsystems have different goals but are unified by a single user interface. The subsystems are:
• SIGS-S Web Social: this is a web system to support social data collection for management of social programs offered by the Brazilian government; and
• SIGS-S Web Saúde: this is a web system to support health data collection, based in e-SUS forms, for generation of management reports to SUS-MS. An advantage when compared to e-SUS, SIGS-S Web Saúde provides integration with SIGS-S Mobile Saúde, presented in this paper.
The web system was implemented using open source or freeware tools, such as: Bizagi Modeler for BPMN diagrams, brModelo for logical models, PostgreSQL 9.1 with pgAdminIII, XML 2.0, HTML 5.0 and PHP 5.4 [9] .
SIGS-S Web is based on the Titan Framework [6] , that is framework for web systems development implemented in PHP and XML. This framework belongs to the e-government domain and uses the Model-View-Controller (MVC) pattern [8] .
SIGS-S Mobile Saúde
SIGS-S Mobile Saúde [7] was conceived to support the remote collection of health data to be sent to SIGS-S Web Saúde. Its purpose is to provide a way of health professionals to fill forms remotely, in places where there is no internet connection, through mobile devices with the application installed. After the collection, the collected data can be exported to SIGS-S Web via internet, through web services.
The mobile application was conceived to provide the following features:
• Metadata and professional data import: metadata from SIGS-S Web Saúde are imported to SIGS-S mobile Saúde to be used for completing health forms;
• Health forms: the purpose is to provide the same health forms available in SIGS-S Web Saúde, to be filled and stored on the mobile device; and
• Forms export: the purpose is that the filled forms can be exported, via internet, from SIGS-S Mobile Saúde to SIGS-S Web Saúde. The communication between platforms is provided by web services.
The main feature of SIGS-S Mobile Saúde is the form filling to support the collecting of data to be sent to SIGS-S Web Saúde. This feature consists of a similar implementation of the health forms provided by the web application, in order to make the usage easier. Consequently, the implementation of the mobile application forms is based on the forms available by e-SUS web system.
The ten health forms provided by SIGS-S Web Saúde were implemented in SIGS-S Mobile Saúde, which are [7] :
• Individual Care: form for individual care, including data related to health conditions, ordered and attended examination;
• Odontologic Individual Care: form for odontologic individual care, including types of medical consultation and dental procedures;
• Collective Activity: form for collective activity register. This form consists of two sub-forms: Collective Activity, for register of collective activities with participation of assisted people, and Collective Activity/Meeting, only for meeting among health professionals;
• Household Registration: for household registration, including data about housing conditions and each responsible for families inhabitants of the home;
• Individual Registration: for individual registration. This form consists of two sub-forms: Individual Registration, for registration of domiciled individual only, and Individual Registration/Homeless: for registration of homeless people only;
• Procedures: form for procedure and small surgeries registration. This form consists of two sub-forms: Procedures, for procedure and small surgeries registration only, and Procedures/Consolidated Procedures, for consolidated procedure (generic medical procedure) registration; and
• Home Visit: form for home visit registration, for accompanying of assisted people.
The main innovation factors of SIGS-S Mobile Saúde are:
• The mobile application provides integration between social and health data;
XI Brazilian Symposium on Information System, Goiânia, GO, May 26-29, 2015.
• It is integrated with a web system that meets the latest needs of the health primary care of the Brazilian government;
• It aimed to meet a demand of primary care office for mobility in health care by providing the main features required for remote health data collection; and
• It was developed with regular monitoring of primary care staff, who provided suggestions for features and functionality commonly required by the primary care team. This factor directed the application development to the real needs of future users.
PROFAP
ProFap [5] consists of a collaborative software maintenance process that is integrated with some support tools, such as the system for project management and reporting bugs Redmine 2 ; and the software versioning and revision control system Subversion (SVN) 3 . It is used for software maintenance and also for software development in various project developed in LEDES. ProFap was also used in the development of SIGS-S Mobile Saúde. The stages of ProFap, and their flow, are illustrated in Figure 1 .
The request of maintenance and the report of bugs are made via Redmine in stage Request Maintenance. Requests related to corrective maintenance are assigned to developers, and requests related to new modules or functionality to be implemented are submitted to analysis by committee consisting of stakeholders.
Next, the viability and need of a request is evaluated in stage Approve Maintenance Request. Here, a request can be approved or discarded. In stage Design Solution is where an approved request is assigned to a developer, and where developers with related tasks discuss ways of designing solutions for their tasks, with accompanying of team leaders.
In stage Implement Solution and Conduct Unit Tests the solution is implemented with support of the SVN versioning. This is also where the functional and unit tests are conducted by the developer in local environment. This stage is parallel to the stage Design Solution.
The stage Conduct Integration and Acceptance Tests is where the test environment is updated with support of SVN and Redmine. This is also where the integration tests are conducted in test environment. During the acceptance tests, the developer is able to request support from other developers, but the acceptance tests are always made by the client. Lastly, in stage Finally Maintenance Task the request is closed, via Redmine. This is also where the production environment is updated with the new implementation using SVN.
RELATED WORK
The Brazilian government has invested in some mobile applications to support health care, such as disease treatments and treatment request. Through a not systematic research made in this scope, a few amount of mobile applications were found.
As an example, there is the UNA-SUS Dengue [12] , released by the Open University of SUS (Universidade Aberta do SUS -UNA-SUS) in December 2012. This application was developed by an UNA-SUS team of the Federal University of Health Sciences of Porto Alegre (Universidade Federal de Ciências da Saúde de Porto Alegre -UFCSPA), and it was designed to aid in the diagnosis and treatment of dengue.
Other example of government mobile application for health support is the e-SUS SAMU [11] . This is an application released by the Ministry of Health in January 2014 to provide service requests for the Emergency Mobile Service (Serviço de Atendimento Movél de Urgência -SAMU) via mobile devices.
Another example of mobile application whose goal is to support data health, specifically in the context of health care, is the GeoHealth, an application developed by the West Region Project (Projeto Região Oeste) of the School of Medicine of the University of São Paulo (FMUSP) [10] . GeoHealth consists of a mobile application to support data collection to the primary health care. The collected data is sent to the Information System of Primary Care (Sistema de Informação da Atenção Básica -SIAB), that is a system being replaced by e-SUS.
At last, the e-SUS Home Care (e-SUS Atenção Domiciliar -e-SUS AD) is a mobile application for health data collection [2] . e-SUS AD provides citizen registration and health care records. It is also integrated to a desktop application called Citizen Electronic Medical Record (Prontuário Eletrônico do Cidadão -PEC), for data exchange. However, the application is oriented to home care only.
Considering that the data collection is an important step to the management of health care, because it is where health professionals interacts with the assisted people, the proposal of an application that facilitates the process is something quite interesting. However, there is still no mobile application to support the collection of health data to be sent to the current information system used by SUS, the e-SUSPrimary Care.
In particular, there is still no application oriented to support the collection of data for the health primary care of the Brazilian government following the parameters of the National Plan for Primary Care (Plano Nacional de Atenção Básica -PNAB) [3] .
DEVELOPMENT OF SIGS-S MOBILE SAÚDE
This section presents the development of SIGS-S Mobile Saúde, including the main design decisions, the adopted technologies, the use of ProFap in the development of the mobile application, its architecture and graphic user interface.
Design of SIGS-S Mobile Saúde
The mobile application was implemented to be used as follows [7] :
1. In the first use of SIGS-S Mobile Saúde, an user registers a mobile device in SIGS-S Web Saúde to be able to install the mobile application;
2. The user installs the mobile applications SIGS-S Mobile Saúde and Barcode Scanner (a freeware application for QR code reading) on the registered device; 3. The user performs the first access to the mobile application SIGS-S Mobile Saúde. When the application starts, it is automatically redirected to Barcode Scanner for device registration using QR code. Then, the mobile device is associated to SIGS-S Web Saúde and authorized to use the mobile application;
The user performs authentication in SIGS-S Mobile
Saúde as illustrated in Figure 2 . Therefore, it is necessary that the user is properly registered in the web system. This is the start point for accesses after the device registration;
5. After authenticated, the user can access SIGS-S Mobile Saúde and its resources. In a first moment, the user must to request data (metadata and health professional data) import to complete forms. The import procedure is detailed in Figure 3; 6. The user is able to fill the health forms that are available by the application; 7. After the forms filling, the user must to export the collected data, from SIGS-S Mobile Saúde to SIGS-S Web, via internet connection. After the export, the exported data is deleted of the mobile database. The export procedure is illustrated in Figure 4 .
Basically, during the user authentication procedure, the user informs login and password that are verified in the mobile database. If the user credentials matches with any user locally saved, then the user is authenticated. Else, the application needs internet connection to search for the informed user via web service. In this case, if the user is found in the web database, then the user data is retrieved from the web database and sent to the mobile database, via web service, in a JSON formatted file, and the user is authenticated. Otherwise, the user authentication is not confirmed.
During the import data procedure, the mobile application generates a JSON formatted file with parameters to support the data search. This file is sent to the web service, that retrieves the data of interest from SIGS-S Web Saúde database and record the data in a JSON formatted file. Then, the recorded file is sent, via web service, to SIGS-S Mobile Saúde that validates the retrieved data and performs data persistence.
During the export data procedure, the health forms persisted in the mobile database are recorded in a JSON formatted file that is sent to the web service. The web service validates the format of the received file and persists the data in the web database. Then, the web service sends a success or error message to the mobile application.
The minimum requirements defined for an satisfactory use of SIGS-S Mobile Saúde in mobile devices, aiming to avoid problem of execution and slowness, are [7] : Android operating system in the version 3.0 or greater, display size greater than or equal to seven inches, 500 MB storage, 1 GB RAM and wireless connectivity.
The technologies chosen to develop SIGS-S Mobile Saúde are listed in Table 1 .
Use of ProFap in the Development of SIGS-S Mobile Saúde
SIGS-S Mobile Saúde was developed with support of ProFap [7] .
The meetings of the development team with the stakeholders were made in the stage Request Maintenance, in order to discuss the features that should be implemented in the application. Some meetings were in person, other were conducted via email.
The weekly meetings of the development team were conducted according to the stage Approve Maintenance Request, in order to discuss the viability of each application feature proposed in the stage Request Maintenance.
The implementation of the application features were made in the stage Implement Solution and Conduct Unit Tests by the development team. The team also conducted unit tests in this stage. In parallel, according to the stage Design XI Brazilian Symposium on Information System, Goiânia, GO, May 26-29, 2015. [7] . 
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Solution, the development team discussed the best ways to implement each assigned task. All the design decisions were properly documented and included in the technical manual of SIGS-S Mobile Saúde.
The integration tests were conducted according to the stage Conduct Integration and Acceptance Tests, by the development team. Furthermore, the acceptance tests were conducted by the team together with stakeholders. In addition, meetings were held in order to present and validate the implementation results with the stakeholders.
At last, the implemented source code was versioned via SVN according to the stage Finally Maintenance Task.
In addition to the documents related to meeting, the development team developed the following artifacts [7] :
• Requirements Document: this document describes the main features of the mobile application, including functional and non-functional features such as data security and the minimum requirements;
• BPMN diagrams: it was developed a set of BPMN diagrams to illustrate the flow of key features of the application, such as user authentication, data import and data export:
• Technical manual: is describes the design decisions in order to support future software maintenance;
• User manual: this document was developed to support the application deployment in the context of the Health in The Family Program; and
• Other documents: during the development of SIGS-S Mobile Saúde, it was developed a set of documents to help in the development process, such as spreadsheets and text files describing design decisions, development parameters, adopted patterns and assigned tasks.
SIGS-S Mobile Saúde Development Steps
The steps of development of SIGS-S Mobile Saúde were:
• User interface implementation: this step consisted of the user interface implementation aiming to design the visual layer of the application based on e-SUS forms;
• Database implementation: this step consisted of the database implementation (database classes and data persistence). The tables were prioritized as follows: first the metadata tables, after the other tables;
• Data import implementation: this step consisted of the implementation of data import scripts (to transfer data from SIGS-S Web to SIGS-S Mobile Saúde). Furthermore, it was implemented features to support data import in the mobile application;
• Professional data import implementation: in this step, it was considered the implementation of professional data import feature and other features to support the data import;
• Export data implementation: this step consisted of the export feature implementation, in addition to web services to provide the exportation from SIGS-S Mobile Saúde to SIGS-S Web.
As mentioned above, the development did not consisted only of the SIGS-S Mobile Saúde implementation, but also of the web service implementation. The web services were conceived to provide communication between the mobile application and SIGS-S Web Saúde, in order to enable data import and export [7] .
The web service scripts were implemented in PHP language and the JSON format was adopted in the data transfer. The software architecture style used in the development of the web services was the Representational State Transfer (REST). Furthermore, no security solution has been implemented beyond that provided by the HTTP protocol adopted to data transfer.
Architecture of SIGS-S Mobile Saúde
The architecture of SIGS-S Mobile Saúde is illustrated in Figure 5 and was based in Android application patterns.
Basically, the architecture of the mobile application consists of the following layers:
• User interface layer: it is responsible for user interaction with the application;
• Controller layer: it is responsible for interface control as the user interacts with the application;
• Business layer: it consists of the entities that can be persisted on the database;
• Persistence layer: it is responsible for the database persistence implemented with support of OrmLite;
• Infrastructure layer: it consists of the web service scripts that provide communication between SIGS-S Web Saúde and SIGS-S Mobile Saúde. It consists also of the mobile database.
User Interface of SIGS-S Mobile Saúde
The user interface of SIGS-S Mobile Saúde, illustrated in Figure 6 , was designed to be similar to the interface of SIGS-S Web Saúde, in order to help the user in adapting to the use of the mobile application. Furthermore, it was developed following the visual patterns of the forms available by e-SUS, to make easier the usage learning of the application. 
CONCLUSIONS
The main contributions of this work is the development of SIGS-S Mobile Saúde, a mobile application to support SIGS-S Web Saúde providing remote data collection in places where there is no internet connection. Stakeholders (health users and Brazilian government managers) participated during development and validation of the application.
The development of SIGS-S Mobile Saúde has been facilitated by ProFap, which encourages the user participation during software development and the usage of CASE tools, that sped up the development team work.
Among the difficulties and challenges faced during development, are: delays in the development of SIGS-S Web Saúde, that delayed the development of the mobile application mainly due to design decisions that should be taken together with the web development team; the learning new technologies as the Android platform; and the use of ProFap and support tools in the development of mobile applications.
This study has some limitations: the mobile application was not implemented with all the features of SIGS-S Web, such as user management; it was not considered, in both applications, other usage scenarios than the most common; and the application has not been evaluated with real users.
Some suggestions for further work are: the conduction of acceptance tests with health user; the deployment of the mobile application in the context of Health in The Family Program by SUS-MS; and increase SIGS-S Mobile Saúde to cover other usage scenarios than the most common, aiming to meet other recurrent situations of the health care. 
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